Introduction
Spermatogenesis includes the proliferation of testicular stem cells, meiotic DNA recombination and the highly complex differentiation of round haploid germ cells into mature testicular spermatozoa. Although the types of germ cell involved are similar in all mammals, species-specific differences occur with regard to the number of germ cells, the duration of the spermatogenic process and the topographical arrangement of the spermatogenic stages. Two main distributions of spermatogenic stage arrangement (germ cell associations) have been described: single stage and mixed stage, that is, the presence of one or more spermatogenic stage in a cross-section of the seminiferous tubule. Among primates, spermatogenic variation ranges from predominantly single stage in rhesus (Clermont and Leblond, 1959) and stump-tailed (Clermont and Antar, 1973 ) macaques, to multiple stages in chimpanzees (Smithwick et al., 1996) and humans (Clermont, 1963; Heller and Clermont, 1964) ; cynomolgus monkeys (Dietrich et al., 1986) and baboons (Chowdhury and Marshall, 1980) show an intermediate (mixed) form. The physiological significance of this variation is not clear. It was previously thought that the multi-stage arrangement was associated with deficient germ cell production (Sharpe, 1994) , but a demonstration of a similar arrangement in the marmoset, a New World species with a highly efficient spermatogenic process, indicates that this might not be the case (Weinbauer et al., 2001 ). However, this interpretation requires confirmation.
Variation in spermatogenic stage arrangement is also of interest from an evolutionary perspective. If the single stage is the ancestral primate characteristic (it predominates in non-primate species), then mixed associations would appear to have evolved separately (at least) twice (in the Callitrichidae and Hominoidae). Alternatively, if the irregular arrangement appeared early in primate evolution, Reproduction (2002) Germ cell ratios (preleptotene:type B spermatogonia = 2, round spermatid:pachytene = 3; elongated spermatid:round spermatids = 1) indicated high spermatogenic efficacy. Sperm head dimensions and tail lengths of the ejaculated and epididymidal spermatozoa were similar. Percentages of defects (neck/mid-piece and tail) were low (< 10%) and similar for ejaculated and epididymidal spermatozoa. Spermatozoa were highly motile, characterized by extensive lateral head displacement, but relatively low progressive motility. In conclusion, the grey mouse lemur has unusually large testes with a highly efficient spermatogenic process and large sperm output. These features, together with the high proportion of morphologically normal and highly motile spermatozoa in the ejaculates, indicate that Microcebus murinus is a species in which sperm competition after ejaculation is likely to occur. The predominantly single spermatogenic stage system seems to be an ancestral feature among primates.
Germ cell production and organization of the testicular epithelium in a prosimian species, the grey mouse lemur, Microcebus murinus, was investigated to extend knowledge of comparative primate spermatogenesis. In addition, semen samples collected from adult male lemurs (body weight 53-92 g; n = 16) by rectal probe electroejaculation were evaluated using computer-assisted morphometric and kinematic analysis of spermatozoa. Epididymidal spermatozoa were collected from six animals after hemicastration; the testes were weighed and prepared for stereological analysis and flow cytometry. The relative testis mass (as a percentage of body weight) ranged between 1.17 and 5.6%. Twelve stages of testicular seminiferous epithelium as described for macaques were applied and only a single stage was observed in most of the seminiferous tubule cross-sections. On average (mean Ϯ SD), a single testis contained 1870 Ϯ 829 ϫ 10 6 germ cells and 35 Ϯ 12 ϫ 10 6 Sertoli cells.
Quantitative assessment of testicular germ cell production and kinematic and morphometric parameters of ejaculated spermatozoa in the grey mouse lemur, Microcebus murinus The principal aim of this study was to extend our knowledge of comparative aspects of primate spermatogenesis by quantitative studies on germ cell production and testicular topography in a prosimian species, the grey mouse lemur, Microcebus murinus. This small malagasy primate is a member of the Cheirogalidae and is of particular interest as it has retained a number of primitive characteristics that place it relatively close to the ancestral primate stock (Martin, 1973; Rumpler et al., 1989; Yoder, 1994; Dutrillaux and Rumpler, 1995; Goodman et al., 1998) . Apart from its taxonomic position, reproduction in the grey mouse lemur is characterized by a number of unusual features (Fietz, 1999) , which make comparison of testicular function with other primate species interesting. Unlike most species for which detailed physiological data are available, the grey mouse lemur is highly seasonal and has a period of reproductive activity limited to a few weeks followed by complete testicular involution and cessation of spermatogenesis during the non-breeding season (Perret, 1992; Schilling and Perret, 1993) . Re-activation of the testes in response to increasing photoperiod is followed by extremely rapid growth to a size (relative to body weight) that far exceeds that of any anthropoid species (Perret, 1992; Kappeler, 1997) .
From the behavioural point of view, the mouse lemur is also interesting as it has a multiple-male mating system in which competition for oestrous females can be intense and several males are likely to mate with the same female during a brief period of receptivity (Perret, 1992) . Thus, competition between spermatozoa from different males within the female reproductive tract is likely to occur and this, together with a high demand for sperm production (large number of copulations and ejaculations within a limited time period), is probably reflected in the extremely large testes in this species (Harcourt et al., 1981; Dixson, 1995) . However, whether, functionally, the testis of the mouse lemur is also characterized by features related to a high production rate of spermatozoa and spermatogenic efficiency is not known. Furthermore, although it has been proposed that sperm competition after mating may be associated with enhanced ejaculate characteristics such as sperm viability, motility and morphology (Møller, 1988) , reliable quantitative data on these parameters are limited among primates in general, and detailed information for prosimian species is not available.
Thus, a secondary aim of this study was to provide basic information on ejaculate characteristics in this species using computerized morphometric and kinematic analysis of spermatozoa to generate the first quantitative data on sperm morphology, size and motility patterns.
Materials and Methods

Animals
Studies were carried out on 16 adult male grey mouse lemurs (Microcebus murinus), born and maintained at the Institute of Ecology, Brunoy, under controlled conditions as described by Perret (1980 Perret ( , 1992 . The males were exposed to a long-day photoperiod (14 h light :10 h dark) for 6-10 weeks before the study commenced to ensure breeding condition in this photoperiod-dependent primate (Perret, 1992) . Males were 2-4 years of age, sexually experienced with body weights ranging from 53 to 92 g. Experiments were performed under licence approval (A91.114) and were carried out in accordance with the European Communities Council Directive 89/609/EEC.
Semen collection
Ejaculates were collected from each male once using rectal probe electroejaculation. Before electroejaculation, each animal was anaesthetized with an i.m. injection of Ketamine/diazepam (100 mg kg -1 ; Centravet, Plancoet) and placed in lateral recumbancy. A bipolar rectal probe of 4 mm in diameter consisting of a brass shaft and brass tip with a 1.5 mm wide plastic ring in between was used. The brass tip was 2 mm in width. The rectal probe was lubricated with obstetrical gel and inserted approximately 8 mm into the rectum. The electrical stimulation was performed using an electroejaculator Model 304 (p-T Electronics, Boring, OR). A switch was placed between the electroejaculator and the rectal probe to administer on/off pulses. Stimulation consisted of pulses of 2-3 s with 10-12 s intervals between pulses starting at 4 V. After about ten pulses the voltage was increased to 5 V. The current did not exceed 10 mA.
Ejaculates were collected in a prewarmed Eppendorf cap. All ejaculates coagulated in the urethra or immediately after emission. No liquefaction occurred and spermatozoa were not released from the coagulum in significant numbers even after incubation in a medium at 37ЊC for several hours. For that reason all coagulums were rinsed with 30 µl of a prewarmed (37°C) TALP medium (Gilchrist et al., 1997) and all further analyses were performed using this sperm suspension. The penis was gently massaged to ensure that no coagulum was left in the urethra.
Tissues and processing
One testis from six of the animals described above (selected randomly) was removed under Imalgene anaesthesia (100 mg kg -1 ; Centravet) by scrotal incision. The mass of one testis ranged between 0.5 and 1.5 g (Table 1 ). A section of each testis was fixed in Bouin's solution and stored in 70% (v/v) ethanol at 4ЊC for stereological analysis. Another section of each testis from each animal was minced finely with dissecting scissors in a solution of PBS buffer (calcium-and magnesium-free), filtered through nylon gauze and stored at 4ЊC for later DNA flow cytometric analysis.
Optical disector stereology
Testes were sliced into three or four equal pieces at right angles to the long axis. The tissue was dehydrated and embedded in resin (hydroxethyl-methacrylate) according to the manufacturer's protocol (Technovit 7100, Heraeus Kulzer GmbH, Wehrheim). Three slices per testis were selected using the systematic uniform random sampling method (Wreford, 1995) . Thick sections were cut at 25 µm and stained with periodic acid and haematoxylin. Oxidation was carried out in 1% (v/v) periodic acid for 30 min. The sections were stained using Schiffs' reagent for 45 min, counterstained with Mayer's haematoxylin for 35 min and then dipped in Scott's tap water (Sigma Diagnostics, St Louis, MO) for 5 min to increase the intensity of staining.
The number of germ cells per testis was determined using the optical disector method as previously described (Wreford, 1995; Zhengwei et al., 1998a; Weinbauer et al., 2001 ). The number of nuclei was assumed to equal the number of cells. Sections were analysed using a ϫ100 oil immersion lens with numerical aperture of 1.3 on a Zeiss axioscope microscope (Zeiss, Oberkochen) equipped with an ocular net grid and a device to measure the thickness of the section. Fields of view for counting were selected using a systematic uniform random sampling scheme (Gundersen and Jensen, 1987) . The upper surface of the section was brought into focus and the first 3 µm was disregarded to avoid possible surface imperfections. The next 10 µm (depth) was examined focusing through the cell, and the nuclei were counted as they came into focus according to the disector principle (Sterio, 1984) . Forty frames corresponding to an area of 6400 µm 2 were evaluated per animal.
The numerical density (N V ) of each type of cell was calculated by dividing the number of cells counted by the volume of all disectors (N V = number of cells counted/area of frame ϫ number of frames ϫ depth). The number of cells per testis was calculated on the basis of N v (N V ϫ testis mass). A ratio of almost 1:1 was assumed between testis mass and volume (Mori and Christensen, 1980) . The germ cells were classified as A and B spermatogonia, preleptotene, leptotene and zygotene spermatocytes, pachytene spermatocytes, round spermatids and elongated spermatids, irrespective of the spermatogenic stage. The number of Sertoli cells was also determined in the same manner as that described for the germ cells.
Sections of 3-4 µm in thickness were prepared to analyse the germ cell associations. The seminiferous epithelium was categorized into different stages on the basis of the 12 cellular associations described for the macaque testis (Clermont, 1969) . Fifty seminiferous tubules were analysed per testis to determine the frequency of various germ cells. On the basis of these values, the number of germ cells per testis was adjusted to the presence in all stages to calculate the conversion ratios for the various types of germ cell and the germ cell:Sertoli cell ratios.
Flow cytometry
An ethanol-fixed testicular cell suspension, 10 ml, was centrifuged at 300 g for 5 min. The supernatant was aspirated with a glass jet attached to the aspirator to remove the fixative completely. One millilitre of 0.5% (w/v) pepsin solution was added to the pellet before it was incubated for 5 min at room temperature and then centrifuged at 300 g for 5 min. After discarding the supernatant, 8 ml 4,6-diamidino-2-phenylindole (DAPI) staining solution (DAPI: 5 µg ml -1 and sulphorhodamine: 30 µg ml -1 ; Sigma, in Tris buffer) was added to the pellet followed by incubation for 1 h at room temperature in the dark. The DAPI-stained cells were analysed using the PARTEC II flow cytometer (Partec AG, Muenster) equipped with UV laser. The fluorescent signal was collected using the following filters: KG 1, BG 38 and UG 1 for excitation; TK 420 as dichroic mirror; and GG 435 as barrier filter.
Semen analysis
Ejaculates were weighed and the sperm suspension evaluated for sperm concentration and live:dead count (WHO, 1992) . Computer-assisted sperm analysis (CASA) was performed using the Hobson Sperm Tracker (Hobson Tracking Systems, Sheffield). The settings of the Hobson Tracker were as described by Morrell (1997) and Morrell et al. (1996) . Sperm suspensions were diluted further, when necessary, with TALP medium before CASA. Aliquots were placed in a chamber with a depth of 20 µl, prewarmed to 37ЊC and observed under dark field illumination for motility and kinematic parameters, that is, curvilinear velocity (VCL), straight line velocity (VSL), mean angular displacement (MAD) and linearity (LIN). Smears of the sperm suspension were stained using the Papanicolaou staining method modified for spermatozoa (WHO, 1992) . Head length, tail length and total length of spermatozoa were measured using the Hobson morphology program (Hobson Tracking Systems, Sheffield). Morphological classification and identification of sperm defects was carried out according to the criteria outlined in the WHO laboratory manual (1992) .
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Step 9 animals after hemicastration by preparing the ductus deferens and stripping out the spermatozoa. Smears were stained after dilution with TALP medium and analysed for morphology as described above.
Results
Body weight and testis mass
Body weights and testis masses (one testis) of six adult mouse lemurs are shown (Table 1) . Values for relative testis size, determined by dividing combined testis mass (single testis mass ϫ 2) by body weight, ranged between 1.17 and 5.6% (Table 1) .
Testicular organization
The twelve-stage system of the testicular seminiferous epithelium described for macaques was applied to describe spermatogenesis in the mouse lemur. All germ cell populations were present and spermatogenesis was complete in all animals (Fig. 1) . In most preparations examined, seminiferous cross-sections contained one spermatogenic stage. Visual examination of tubule cross-sections revealed small numbers of Sertoli cells compared with germ cells, a finding that was confirmed by quantitative analysis of germ cell:Sertoli cell ratios (see below).
Number of testicular cells and germ cell conversion ratios
On average, a single testis contained a total of 1870 Ϯ 892 ϫ 10 6 (mean Ϯ SD) germ cells and 35 Ϯ 12 ϫ 10 6 Sertoli cells (Table 2 ). Germ cells comprised on average 33 Ϯ 20 ϫ 10 6 type A and 76 Ϯ 37 ϫ 10 6 type B spermatogonia, 117 Ϯ 36 and 236 Ϯ 45 ϫ 10 6 preleptotene and pachytene spermatocytes, respectively, 716 Ϯ 335 ϫ 10 6 round spermatids and 692 Ϯ 473 ϫ 10 6 elongating and elongated spermatids. The germ cell conversion ratios, the number of daughter cells resulting from the division of the parent cell, are also shown (Table 3 ). The ratio of preleptotene, leptotene and zygotene spermatocytes:B spermatogonia was about 2, indicating that there were four spermatogonial divisions before meiosis. A value of approximately 3 for the round spermatids:pachytene spermatocytes ratio indicated only slight loss of germ cells during meiosis (maximum value 4), whereas the ratio of 1:1 for elongated:round spermatids showed no loss of germ cells during spermatid maturation (Table 3) . 
DNA flow cytometry
On the basis of DNA content distribution, flow cytometric analysis of testicular germ cells of the marmoset showed four main peaks: HC (elongated spermatids; H = hypostainability of the compacted DNA during spermiogenesis), 1C (round spermatids), 2C (mainly spermatogonia and somatic cells) and 4C (tetraploid cells comprising mainly primary spermatocytes and G2 spermatogonia cells). Testes contained (percentage, mean Ϯ SD) 24 Ϯ 8 HC cells, 39.7 Ϯ 4 1C cells, 13.3 Ϯ 3 2C cells and 4.8 Ϯ 2 4C cells (Fig. 2) . The numbers of germ cells per gram and per whole testis are also shown (Fig. 2) .
Ejaculate parameters
Rectal probe stimulation was successful in yielding an ejaculate in 15 of 16 animals. However, all ejaculates coagulated completely either in the urethra or immediately after release. The mean (Ϯ SD) mass of the 15 ejaculates was 45.5 Ϯ 23.8 mg. Of the seven sperm suspensions that contained free spermatozoa, only five specimens contained sufficient numbers of spermatozoa for analysis. The mean (Ϯ SD) number of spermatozoa in these suspensions was 2.24 ϫ 10 5 per ejaculate, of which 66.4 Ϯ 6.4% were live and 48.4 Ϯ 9.9% motile (Table 4) .
Sperm morphology
Measurement of dimensions of 30 spermatozoa from each of five animals (n = 150) yielded the following results (µm, mean Ϯ SD): head length 8.17 Ϯ 0.19; tail length 78.48 Ϯ 1.17; and total sperm length 86.65 Ϯ 1.2 (Fig. 3) . The head was characterized by the presence of an extended acrosome region (see Bedford, 1974) , which was often difficult to visualize and could be measured accurately only in a relatively small proportion of the total number of spermatozoa. Sperm dimensions obtained after rectal probe ejaculation were not significantly different from those obtained directly from the epididymis. The percentages of 328 H. Aslam et al. neck/mid-piece and tail defects were low and were similar for epididymidal and ejaculated spermatozoa (data not shown). No head defects were observed.
Kinematics
Microcebus spermatozoa were highly motile. Overall, speed of movement was very high with a mean (Ϯ SD) VCL of 145 Ϯ 83.9 µm s -1 . The lateral head displacement movement of spermatozoa was also extremely high as shown by a mean MAD value of 87.14 Ϯ 31.99 µm. In contrast, values for progressive and linear movement were low. In general, motility was characterized by rapid, high lateral displacement movements with limited progressive (forward) motion ( Fig. 3 ; Table 5 ).
Discussion
Relative testes size (expressed as a percentage of body weight) for M. murinus ranged from 1.17 to almost 6.0%; values substantially higher than those reported for other primates (for example, 0.27% for chimpanzees, 0.5-0.8% for macaques, 0.1% for gibbons, 0.06-0.1% for langurs and humans, and 0.05-0.02% for orang-utans and gorillas: data from Schultz, 1938; Harvey and Harcourt, 1984; Harcourt et al., 1981) . The only directly comparable results for prosimians indicate a relative testis size of 0.7% for the slender loris (Harcourt et al., 1981) . Hence, results from the present study indicate that mouse lemurs are outstanding with regard to relative testis size (Glander et al., 1992) ; the only species with larger testes is the closely related Cheirogalid, Mirza coquereli (calculations are based on testis volume, Kappeler, 1997) . By extrapolation, the testis size of M. murinus would correspond to approximately 0.8 kg per testis for men.
The stage-related organization of spermatogenesis was similar to that for macaques and usually only one stage of spermatogenesis was applied per tubular cross-section. Hence, the 12-stage classification system originally proposed for rhesus and stump-tailed macaques (Clermont, 1969) was used. In the only study of spermatogenesis in M. murinus, the stage classification system of RoosenRunge and Ortavant was applied (Petter-Rousseaux, 1974 However, this system is entirely different from that commonly in use, as stage I is the stage after spermiation, whereas, in Clermont's system, stage I is the stage after completion of the second meiotic division and contains the young spermatids. Hence, a comparison of the present observations on the topography of the germinal epithelium with those of Petter-Rousseaux (1974) is not possible. The finding of a single spermatogenic stage arrangement, similar to that observed in rodents, provides confirmation that this is the ancestral characteristic among primates. Multiple spermatogenic stages appear to have developed during the course of evolution of the plattyrhines (New World monkeys), although exactly when this characteristic appeared and whether it is present in other non-anthropoid species is not known. The reasons for its initial appearance and subsequent loss in several Old World taxa are also, at present, unclear, but do not appear to be related to mating system or spermatogenic efficiency.
Quantitative analysis of germ cell production for M. murinus revealed high spermatogenic efficiency. This high efficiency was evident from the germ cell conversion rates with > 75% efficiency and the virtual absence of loss of spermatids during spermiogenesis. Petter-Rousseaux (1974) reported six spermatogonial divisions for M. murinus. On the basis of the type B:type A spermatogonial ratio of 4.5 and the preleptotene spermatocyte:type B spermatogonium ratio of 1.9 observed in the present study, it is assumed that there are at least three to four spermatogonial divisions. However, as no kinetic studies using tracer or bromodeoxyuridine incorporation into dividing spermatogonia were performed, this requires clarification. Flow cytometry results on the ratio of germ cell populations and the number of cells per unit testis mass complement the stereological findings and further support the high spermatogenic efficiency in M. murinus.
Sertoli cell density in M. murinus is comparatively low among primates. Values obtained in this study were about 12 ϫ 10 6 Sertoli cells per gram of testicular parenchyma as compared with 26-36 ϫ 10 6 Sertoli cells per gram of testicular parenchyma in the marmoset (Weinbauer et al., 2001) , cynomolgus monkey (Zhengwei et al., 1997 (Zhengwei et al., , 1998a ) and human testis (Zhengwei et al., 1998b) . However, the workload of the Sertoli cells in Microcebus, that is, the germ cell:Sertoli cell ratio, is far higher than that for marmosets and men and is closer to that of cynomolgus monkeys.
The precise physiological significance of the different tubule arrangements remains unclear. Of the species investigated so far, humans and marmosets show a multi-stage spermatogenic system, whereas cynomolgus monkeys and mouse lemurs display a single spermatogenic stage; however, all of these species have a similar efficiency of spermatogenesis. Therefore, it is unlikely that topographic arrangement is related to spermatogenic efficiency. However, the results of the present study indicate that the topography of the spermatogenic stages in the primate testis may be associated with the workload of the Sertoli cell. Apparently, Sertoli cells are associated with a higher number of germ cells in testes that show a single stage tubule arrangement compared with those displaying multiple stages. The physiological significance of this occurrence is not entirely clear at present. Microcebus and cynomolgus monkeys display multi-male mating systems, whereas marmosets and humans are usually classified as being predominantly monogamous and occasionally polygynous (Dixson, 1998) . However, whether such an association between mating system and Sertoli cell workload can be substantiated requires further analysis in a range of primate species that use different mating strategies.
The results presented here on sperm morphometric and kinematic parameters represent the first quantitative data for a prosimian species. Despite a high success rate in obtaining ejaculates through rectal probe ejaculation, the extent to which coagulation occurred almost immediately precluded collection of information on parameters such as ejaculate volume, total sperm count and live:dead sperm ratios. In terms of their kinematic parameters, Microcebus spermatozoa are unusual in that the high degree of lateral displacement and low progressive motility contrast with characteristics seen in other primate species for which data are available (for example, Yeung et al., 1996; Morrell, 1997) . Values for angular (lateral) displacement are 300-400% of those described for marmoset and macaque monkeys, with a corresponding marked reduction (three-to sevenfold lower) in linear and progressive (forward) motility. The degree to which these findings reflect the physiology of this species or possible artefacts related to entrapment of spermatozoa within the coagulum or to the in vitro conditions used is difficult to ascertain. However, the pattern of sperm motility described here is not unique, but is very similar to that obtained using comparable analytical methods in boars (Holt et al., 1997) . Furthermore, the similarly high proportion of morphologically normal spermatozoa in electroejaculates and epididymal samples, together with the high activity of the ejaculated spermatozoa, indicate that the pattern of sperm motility observed here is unlikely to have been altered substantially by the collection procedures used.
The low proportion of spermatozoa with visible defects is also notable. Total defects in ejaculated spermatozoa (12%) were comparable to those reported for chimpanzees and marmosets, but lower than those described for all other primate species (macaques 18-20%, Gago et al., 1999; baboons 47%, Bornman et al., 1988; gorilla > 90%, Seuanez et al., 1977) . The possibility that higher proportions of morphologically abnormal spermatozoa were retained (entrapped) in the coagulum is unlikely, but it cannot be excluded, as it was not possible to recover spermatozoa once the ejaculate had coagulated. However, assuming that the samples analysed are representative, the results indicate that Microcebus is characterized by the production of high quality spermatozoa capable of fertilization (Eggert-Kruse et al., 1996) .
In comparison with other primate species, Microcebus spermatozoa are relatively long. Although the measure-ments reported in this study (mean length 86.7 µm) are slightly less than that of 92 µm (from unspecified literature) reported by Gomendio and Roldan (1991) , they are still in the upper range reported for primates (Dixson, 1993) . Furthermore, comparison of the results from the present study with our own unpublished results for several callitrichid (including the marmoset monkey) and macaque species, obtained using the same computerized morphometric analysis system, indicates that the larger overall size of Microcebus spermatozoa is primarily attributable to the extended length of the tail. Although the significance of this finding is not clear, it has been postulated that longer spermatozoa are more adaptive in the context of sperm competition. Thus, there is evidence (although somewhat limited) to indicate that males in species with multiple-male mating systems leading to sperm competition (promiscuous mating) produce longer spermatozoa than species in which males usually mate with only one female (Gomendio and Roldan, 1991; Dixson, 1993) . The results from the present study are in agreement with this proposal, but they do not support the contention (Gomendio and Roldan, 1991) that there is a positive relationship between sperm length and swimming velocity (at least not in a forward direction). Whether the high degree of lateral movement has any other significance in a sperm competition context is unknown.
Collectively, the results from the present study show that the testicular function in the grey mouse lemur is characterized by high spermatogenic output, probably due to the relatively large numbers of germ cells per unit mass of testicular tissue. The ejaculate appears to be highly fertile, containing a large proportion of morphologically normal, active spermatozoa. These findings, together with the large testes (relative to body weight) in this animal, conform to the pattern predicted for a species in which sperm competition after ejaculation is likely to be prevalent. These results also provide evidence that mating system exerts selective pressures not only on testis size, but also on quantitative aspects of spermatogenic function. The significance of the findings that spermatozoa have unusually long tails but very low progressive motility is not clear, but may be related to vaginal sperm plug formation. The demonstration of a predominantly single spermatogenic stage arrangement indicates that this is probably the ancestral characteristic among primates.
